Background and objective. Increasing physical activity (PA) is safe and beneficial in lung cancer (LC) patients. Advancedstage LC patients are under-studied and have worse symptoms and quality of life (QoL). We evaluated the feasibility of monitoring step count in advanced LC as well as potential correlations between PA and QoL. Methods. This is a prospective, observational study of 39 consecutive patients with advanced-stage LC. Daily step count over 1 week (via Fitbit Zip), QoL, dyspnea, and depression scores were collected. Spearman rank testing was used to assess correlations. Correlation coefficients (ρ) >0.3 or <−0.3 (more and less correlated, respectively) were considered potentially clinically significant. Results. Most (83%) of the patients were interested in participating, and 67% of those enrolled were adherent with the device. Of those using the device (n = 30), the average daily step count was 4877 (range = 504-12 118) steps/d. Higher average daily step count correlated with higher QoL (ρ = 0.46), physical (ρ = 0.61), role (ρ = 0.48), and emotional functioning (ρ = 0.40) scores as well as lower depression (ρ = −0.40), dyspnea (ρ = −0.54), and pain (ρ = −0.37) scores. Conclusion. Remote PA monitoring (Fitbit Zip) is feasible in advanced-stage LC patients. Interest in participating in this PA study was high with comparable adherence to other PA studies. In those utilizing the device, higher step count correlates with higher QoL as well as lower dyspnea, pain, and depression scores. PA monitoring with wearable devices in advancedstage LC deserves further study.
Introduction
Despite increasing treatment options, lung cancer remains second in cancer frequency and first in cancer mortality. 1 It is also one of the most burdensome cancers, with up to 90% of patients reporting symptoms during their course, 2 and symptom intensity that is higher than that of most other cancers. 3 Patients' symptoms and activity levels worsen with time and treatment. 4, 5 Many clinicians associate symptom progression in chronic lung disease with the dyspnea spiral, wherein dyspnea develops, activity is avoided, functional capacity is lost, and dyspnea worsens.
Physical activity (PA) is a growing therapy for both patients with chronic lung disease and multiple cancer types (eg, lung, colon, breast, and prostate). Activity improves symptom burden, exercise tolerance, and quality of life (QoL). [6] [7] [8] [9] Because advanced-stage lung cancer patients have higher symptom burden and frequently concomitant lung disease, patients with more symptoms and activity limitations may have the most benefit. Though likely beneficial, studies increasing PA in lung cancer patients show low adherence in both early and advanced disease. 10, 11 Lung cancer patient and survivor surveys reveal preferences for activity guidance 12 and that up to 80% of patients would prefer walking. 13 Two recent randomized trials have shown that Fitbit-based interventions improved PA in postmenopausal women and overweight adults. 14, 15 684016I CTXXX10.1177/1534735416684016Integrative Cancer TherapiesBade et al research-article2017 1 Medical University of South Carolina (MUSC), Charleston, SC, USA 2 Academic Magnet High School, North Charleston, SC, USA Thus, digital accelerometers may motivate patients and help overcome the challenges of monitoring and maintaining PA in chronic disease.
Despite potential clinical benefit, data available regarding PA or the clinical utility of wearable accelerometers in patients with advanced-stage lung cancer are limited. We initiated this study to assess the feasibility of monitoring PA via daily step count in patients with advanced-stage lung cancer. Potential correlations between physical activity and symptoms, functional status, and QoL were also assessed. Some of the results of these studies have been previously reported in the form of an abstract. 16 
Methods
After institutional review board (IRB) approval (IRB for Human Research, Protocol 00028353), consecutive patients at the Medical University of South Carolina's (MUSC's) Thoracic Oncology clinic at the Hollings Cancer Center and Health East Cooper facility were approached. Inclusion criteria were pathological evidence of advanced-stage lung cancer, approval of the treating clinician, willingness to wear a Fitbit Zip (Fitbit Inc, San Francisco, CA), access to a smartphone, and willingness to download the Fitbit application to their smartphone. Advanced-stage lung cancer was defined as any stage small-cell lung cancer (SCLC) or stages III/IV nonsmall-cell lung cancer (NSCLC). Exclusion criteria were memory or communication impairment, the treating clinician's request, physical inability to walk, or lack of access to a smartphone. The Fitbit Zip device is a popular, wearable accelerometer that clips to clothing and wirelessly synchronizes with smartphones. Fitbit Zip has been validated in COPD patients, 17 and its accuracy is similar to other wearable pedometers. 18 Fitbit technology has been utilized in 2 recent randomized controlled trials (RCTs) studying activity in postmenopausal women and overweight adults. 14, 15 This was a prospective, observational study that collected data on daily step count, QoL, functioning domains, depression, and dyspnea. After screening, patients were provided with a handout describing lung cancer symptoms, the dyspnea spiral, the study's intent, the information to be collected, and contact information for the research team. After informed consent was obtained, 3 previously validated questionnaires were administered: European Organisation for the Research and Treatment of Cancer Quality of Life Questionnaire 30 (EORTC QLQ-C30), Patient Health Questionnaire 9 (PHQ-9), and modified Medical Research Council (MMRC) Dyspnea Scale. [19] [20] [21] [22] The questionnaires included a total of 40 items. The PHQ-9 and MMRC are single-domain questionnaires, with higher scores reflecting more depression or dyspnea, respectively. The EORTC QLQ-30 has multiple domains and assesses global QoL, physical functioning, role functioning, emotional functioning, cognitive functioning, social functioning, and symptoms associated with cancer. Higher functional scores correspond to better functioning, whereas higher symptom scores correspond to worsened symptoms.
The Fitbit Zip was then provided to the patient. The Fitbit application was downloaded to the patient's smartphone, and a brief tutorial of the device was undertaken. Participants were also given an addressed and postage-paid envelope for return of the device. Finally, patients were instructed to wear the device 24 h/d, to avoid exposing the device to water, to avoid changes to their daily routine, when to mail back the device, and that they might be contacted by the research team at a clinical appointment, by phone, or email.
Step count data were collected for 7 consecutive days. Valid days were defined as having ≥200 steps/d collected by the device. Device adherence was defined as step counts collected for ≥5 days. Moy et al 23, 24 have used similar validity criteria in COPD, with >100 steps/d and 8 hours of wear time defining valid days, and averages calculated on weeks with ≥5 valid days. Wear time was not collected in this study and could not be used as a validity criterion.
Spearman rank correlation coefficients were calculated between average daily step counts, questionnaire domain scores, PHQ-9 scores, and symptom survey domains using SAS v9.4. With n = 30 individuals providing step counts, we were only powered to detect correlations as small as 0.5, assuming 2-sided hypothesis testing and an α level of .05. To not miss potentially clinically significant correlations with the small cohort, we also highlighted positive and negative correlations (more and less correlated) defined as >0.3 or <−0.3, respectively.
Results
Between February 2014 and August 2015, a total of 88 patients met inclusion criteria and were approached (see Figure 1 ); 73/88 (83%) consented to participate. Because of consecutive enrollment, participants could be pretreatment, receiving treatment, or have received treatment in the past, Among nonparticipants (n = 15), reasons for declining included no interest (n = 6), fatigue (n = 1), feeling too ill (n = 2), or having other time commitments (n = 1). Five individuals did not provide reasons for not participating. Because of limited device availability, Fitbit accelerometers were unavailable for 34 patients. Fitbit devices were provided to 39 patients, but 9/39 (23%) did not utilize the device. Most patients (30/39, 77%) provided step counts, and 26/39 (67%) were adherent over the 7-day period.
For participants providing step count data (n = 30), 2/3 were male, and the mean age was 66 years (range = 51-80 years; see Table 1 ). The majority of patients had stage IV NSCLC (70%). Adenocarcinoma was the most common histology (77%). Smaller percentages had stage III NSCLC (20%) or SCLC (10%). The average daily step count (±SD) for the group was 4877 steps/d (±3055), with a wide interpatient range (504-12 118 steps/d).
Higher PA (measured via average daily step count) was positively correlated with physical functioning, role functioning, emotional functioning, and global QoL scores (Table 2 ). Higher PA also correlated with lower dyspnea, depression, and pain scores. The highest correlation coefficients were noted between physical functioning (Spearman coefficient = 0.61) and MMRC Dyspnea Scale (Spearman coefficient −0.54). Linear relationships also were noted between average daily step count, physical functioning, and MMRC dyspnea scale (see Figure 2 ). Average step counts did not correlate with cognitive or social functioning, fatigue, nausea/vomiting, insomnia, appetite loss, constipation, diarrhea, or financial difficulties.
Discussion
This study in advanced-stage lung cancer has 3 main findings. First, monitoring step count with a wearable accelerometer in outpatients with advanced-stage lung cancer is feasible. Second, though advanced-stage lung cancer patients are often not considered candidates for PA, most patients in this cohort were interested in participating in low-impact PA and provided usable step counts. Third, in this cohort, higher step counts significantly correlate with higher QoL, physical functioning, role functioning, and emotional functioning as well as lower dyspnea, pain, and depression scores.
Research is accumulating that increased PA benefits cancer patients and survivors. The associations of higher PA with reduced cancer incidence, 25 improved all-cause and cancer-specific mortality, 26 and symptom improvement in advanced cancer 27, 28 underscore the role of exercise as an adjunctive therapy for lung cancer patients and survivors. Inactivity, by contrast, is a predictor of poor postoperative outcomes and worsened survival in lung cancer patients. 6 Because the American College of Sports Medicine Roundtable recommends that cancer survivors avoid inactivity, 29 clinicians should consider PA regimens in patients with lung cancer and survivors as a potential mechanism to reduce symptoms and improve QoL.
Though existing data are encouraging in that low-impact PA benefits advanced-stage lung cancer patients, there is no consensus on how to monitor PA, what intensity to recommend, or when to stop. Because patients with advancedstage disease have the most frequent, intense, and refractory symptoms, this population may have the most opportunity for future interventions to improve QoL. But before recommendations can be made, feasibility of data collection needs to be established. Therefore, this study chose to evaluate the feasibility of remote step count data collection in patients with advanced-stage lung cancer.
The role of PA in advanced-stage lung cancer is unclear and understudied. In the recent review by Bade et al 9 of PA in lung cancer, twice as many studies were available for lung cancer patients undergoing surgery compared with nonoperative patients. A common theme among patients and clinicians is that lung cancer patients are "too sick" to exercise. Our findings that patients with advanced-stage lung cancer are interested in activity monitoring and able to provide usable data supports further study into activity monitoring in the population. Interestingly, at least 2 prior studies suggest that sicker lung cancer patients may obtain more benefit from increasing their activity. Mujovic et al 30 reported that pulmonary rehabilitation (PR) in preoperative NSCLC patients showed the greatest spirometric and 6-Minute Walk Distance improvements in those with the worst preoperative values. Similarly, Edvardsen et al 31 studied 61 patients after undergoing lung cancer surgery and found that those with the worst preoperative oxygen uptake tended to have the most improvement. Thus, it is possible that patients with advanced-stage lung cancer may obtain more benefit from PA regimens than patients with early-stage disease, though maintaining activity adherence may be more challenging. Because Jensen et al 32 showed that >90% of patients with advanced cancer can perform some type of exercise or physical therapy, clinicians should not exclude PA as a potential treatment for patients with advanced disease.
Five studies have addressed PA in patients with advancedstage lung cancer. These studies have shown that increasing PA is feasible 33 and improves mobility, fatigue, sleep, pain, strength, dyspnea, anxiety, depression, and QoL, 27, 28, 34, 35 though adherence may be <50%. 33 Because most patients with lung disease can perform some type of exercise with variable compliance, the potential for digital accelerometers to remotely monitor low-impact PA is appealing. Other authors have implemented walking regimens with digital accelerometers and reported varying compliance. For example, Moy et al 24 recently published a RCT of veterans with COPD who were provided pedometers and monitored for 1 year. The intervention group had valid step counts available for 76.7% of days. In contrast, in patients with stage I to IIIB NSCLC, Granger et al 36 reported PA data for 56% of patients using an accelerometer. Thus, our results showing 77% of patients providing usable step count data and 67% device adherence are at least comparable to prior studies.
For several reasons, home step count monitoring may be a feasible alternative for patients with advanced disease to monitor and potentially increase their activity. A home-based, selfdirected, low-intensity activity regimen may increase activity adherence in lung cancer patients. Though a prior Cochrane review suggests that center-based activity programs are superior to home-based programs in patients ≥50 years old, 37 lung cancer patients may be more limited by their symptoms and benefit from a self-directed regimen. A recent study by Cadmus-Bertram et al 14 found that a Fitbit-based intervention increased PA in postmenopausal women, suggesting that popular devices provide additional motivation that likely improve adherence to a home-based regimen. Second, cost is a prohibitive factor for some patients. Gym membership, PR fees, and the cost of traveling several times per week may be deterrents to regular activity. The low-cost Fitbit device that provides objective and trendable data (rather than self-reporting) is, therefore, appealing. Finally, using step counting to increase activity both prioritizes the patient's schedule and increases patient autonomy. An interesting RCT by Brocki et al 38 in 2014
showed no advantage to supervised versus unsupervised outpatient exercise sessions, and there was a trend toward improved outcomes in unsupervised sessions. It is worth noting that the mechanisms of how PA improves outcomes in lung cancer are unclear. There are several studies showing evidence of altered immune response with increased PA or exercise training. [39] [40] [41] Regarding symptomatic and spirometric benefit, it seems likely that increasing activity may minimize loss of function by interrupting the dyspnea spiral, which is usually debilitating and progressive. Because of the high prevalence of COPD in lung cancer patients, 42 the mechanisms of improvement caused by activity could be optimized COPD management, a lung cancer-mediated mechanism, or both. More work is needed on this topic.
Because this study demonstrated feasibility and identified several clinically interesting correlations, further study is warranted. Though this study's correlations showing improved QoL, less depression, and reduced symptoms with increased PA are intriguing (see Figure 2 ), causality cannot be determined. It is possible that patients who feel better at baseline are more likely to be physically active, rather than increased PA improving their QoL. The feasibility of implementing a step counting regimen in advancedstage lung cancer patients might be followed by a randomized trial. Such studies would help determine if QoL improves with PA implementation; if adherence is affected by a home-based, low-impact regimen; and the causality between PA, symptom burden, and QoL.
This study has several strengths. First, home monitoring with Fitbit devices in advanced-stage lung cancer is unique in its approach. Second, our approach utilizes an approach that is patient centric. That is, whereas most regimens require patient travel, brief hospitalization, or an interruption in the patient's life, home-based activity allows data gathering (and potential therapeutic measures) to proceed without interruption in day-to-day life. Third, home-based monitoring motivates and empowers patients to implement an activity regimen on their own terms and at low cost. The attractiveness to patients and ease of use are emphasized by high willingness to participate (83% of eligible patients).
There are several limitations to our study. First, our cohort is small, which could induce bias into our results. Second, this cohort is highly selected. That is, this study is in patients with advanced-stage lung cancer, attending clinic at MUSC, and motivated to participate in an activity study and may not be applicable to the general lung cancer population. Larger future studies would address both these issues. Third, causality cannot be proven by these correlations. Although it is tempting to assume that increased PA leads to improved symptoms, QoL, and depression, this data set can only show that higher step counts are positively correlated with QoL and negatively correlated with symptom and depression scores. Whereas increasing PA may improve outcomes, it is also possible that less-symptomatic patients are able to be more active. Confounding variables may include age, disease burden, preexisting lung disease, and preexisting activity levels. Finally, our patients were gathered via a convenience sample and were in all stages of their therapy (ie, at diagnosis, during chemoradiation, and posttreatment). Ideally, studies would focus enrollment at diagnosis or prior to cancer therapy because PA before lung cancer surgery has shown potentially more improvement than interventions after surgery. 43, 44 To our knowledge, this is the first study to show feasibility of home-based step count monitoring using a Fitbit as a measure of PA in patients with advanced-stage lung cancer. Prior studies to date have enrolled patients with all stages of lung cancer and patients with metastatic disease of multiple tissue types, utilized inpatient or PR regimens, or measured self-reported PA. This study focused enrollment on the sickest patients and an approach that may improve activity compliance. Given the baseline debility of patients with advanced-stage lung cancer, it is surprising that 83% of this cohort was interested in participating in an exercise study. The high interest of patients with advanced disease to participate in an activity study should challenge the conventional wisdom that patients with advanced disease should not be considered candidates for exercise therapies.
Conclusions
In summary, this is the first study we are aware of that shows feasibility of using a Fitbit accelerometer to measure step counts in advanced-stage lung cancer patients. Even in our small cohort, the high percentage of patient participation is encouraging and shows that PA monitoring is feasible. Finally, correlations showing high QoL, low depression, and low symptom scores in patients who are more active support further study. Future studies should assess feasibility and clinical response to a home-based exercise prescription. A larger, randomized trial would also better clarify the amount of improvement attributable to exercise and which patients may obtain the most benefit. Further research into the correlation between depression, symptoms, and QoL is needed because the treatment of depression may be an intervention that improves QoL and optimizes exercise compliance. At a time when we assess every advanced lung cancer patient for targeted cancer therapies of which a minority will be eligible, we should consider that "targeting" inactivity to improve symptoms could be recommended for all.
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